Streptomyces panaciradicis sp. nov., a b-glucosidase-producing bacterium isolated from ginseng rhizoplane A Gram-staining-positive actinobacterium, designated strain 1MR-8 T , was isolated from the rhizoplane of ginseng and its taxonomic status was determined using a polyphasic approach. The isolate formed long chains of spores that were straight, cylindrical and smooth-surfaced. Strain 1MR-8 T grew at 10-37 6C (optimum 28 6C), whilst no growth was observed at 45 6C. The pH range for growth was 4.0-11.0 (optimum pH 6.0-8.0) and the NaCl range for growth was 0-7 % (w/v) with optimum growth at 1 % (w/v). Strain 1MR-8 T had cell-wall peptidoglycans based on LLdiaminopimelic acid. Glucose, mannose and ribose were the whole-cell sugars. The predominant isoprenoid quinones were MK-9 (H 4 ), MK-9 (H 6 ) and MK-9 (H 8 ) and the major fatty acids were anteiso-C 15 : 0 , iso-C 15 : 0 , anteiso-C 17 : 0 and iso-C 16 : 0 . 16S rRNA gene sequencing studies showed that the novel strain was closely related to the type strains of Streptomyces caeruleatus GIMN4 Ginseng (the root of Panax ginseng C.A. Mayer, Araliaceae) has been used for thousands of years as a traditional medicine in Asian countries (An et al., 2010) . The ginseng saponin (ginsenoside) is one of the most important secondary metabolites in ginseng and has various pharmacological activities (Yokozawa et al., 1985; Kenarova et al., 1990; Kimura et al., 1988; Ota et al., 1991) . About 40 different types of ginsenosides have been isolated from ginseng roots (Dou et al., 1999; Luo et al., 2003) , with six major ginsenosides (ginsenosides Rb1, Rb2, Rc, Re, Rd and Rg1) constituting more than 80 % of the total (Park, 2004) . Most studies have focused on the production of the minor ginsenosides (F1, F2, Rg3, Rh1, Rh2, compound Y, compound Mc and compound K), since they are more pharmaceutically active and are, therefore, excellent potential drug candidates compared to the major ginsenosides (Cheng et al., 2006 (Cheng et al., , 2007 (Cheng et al., , 2008 Chi & Ji, 2005; Kim et al., 2005; Noh & Oh, 2009 ). The studies have involved techniques, which have relied on a variety of approaches including: heating (Park, 2004) , acid treatment (Han et al., 1982) , base treatment (Im et al., 1995) and enzymic transformation (Yu et al., 2002) . We have collected large numbers of soil bacteria from a ginseng field in the Geumsan (36 u 039 N 127 u 059 329 E), South Korea. In the course of the screening of b-glucosidase-producing bacteria derived from ginseng root, strain 1MR-8 T was isolated. Comparative 16S rRNA gene sequence analysis revealed that the isolate is phylogenetically related to members of the genus Streptomyces. The taxonomic position of the isolate, strain 1MR-8 T , was determined by using a polyphasic approach.
, Streptomyces capoamus JCM 4734 T and
Streptomyces coeruleorubidus NBRC 12761 T with similarities of 98.8 %. However, DNA-DNA relatedness, as well as physiological and biochemical analyses, showed that strain 1MR-8 T could be differentiated from its closest phylogenetic relatives. It is proposed that this strain should be classified as a representative of a novel species of the genus Streptomyces, with the suggested name Streptomyces panaciradicis sp. nov. The type strain is 1MR-8 T (5KACC 17632 T 5NBRC
T ).
Ginseng (the root of Panax ginseng C.A. Mayer, Araliaceae) has been used for thousands of years as a traditional medicine in Asian countries (An et al., 2010) . The ginseng saponin (ginsenoside) is one of the most important secondary metabolites in ginseng and has various pharmacological activities (Yokozawa et al., 1985; Kenarova et al., 1990; Kimura et al., 1988; Ota et al., 1991) . About 40 different types of ginsenosides have been isolated from ginseng roots (Dou et al., 1999; Luo et al., 2003) , with six major ginsenosides (ginsenosides Rb1, Rb2, Rc, Re, Rd and Rg1) constituting more than 80 % of the total (Park, 2004) . Most studies have focused on the production of the minor ginsenosides (F1, F2, Rg3, Rh1, Rh2, compound Y, compound Mc and compound K), since they are more pharmaceutically active and are, therefore, excellent potential drug candidates compared to the major ginsenosides (Cheng et al., 2006 (Cheng et al., , 2007 (Cheng et al., , 2008 Chi & Ji, 2005; Kim et al., 2005; Noh & Oh, 2009 ). The studies have involved techniques, which have relied on a variety of approaches including: heating (Park, 2004) , acid treatment (Han et al., 1982) , base treatment (Im et al., 1995) and enzymic transformation (Yu et al., 2002) . We have collected large numbers of soil bacteria from a ginseng field in the Geumsan (36 u 039 N 127 u 059 329 E), South Korea. In the course of the screening of b-glucosidase-producing bacteria derived from ginseng root, strain 1MR-8 T was isolated. Comparative 16S rRNA gene sequence analysis revealed that the isolate is phylogenetically related to members of the genus Streptomyces. The taxonomic position of the isolate, strain 1MR-8 T , was determined by using a polyphasic approach.
The morphological, physiological and biochemical properties of strain 1MR-8 T were determined by following the standard protocol of the International Streptomyces Project (Shirling & Gottlieb, 1966) and the methods of Williams et al. (1989) . Morphological observations of spores and mycelia of strain 1MR-8 T grown on yeast extract-malt extract agar (ISP 2) at 28 u C for 20 days were carried out by scanning electron microscopy (FEI Quanta 200 FEG MKII). Growth was tested over a range of temperatures (4-45 u C), pH values (4.0-11.0) and NaCl concentrations [0-7 % (w/v)], as described by Lee et al. (2012) , in starch-casein agar. Strain 1MR-8 T produced a grey aerial mycelium and light-yellow substrate mycelium on yeast extract-malt extract agar (ISP 2). The aerial mycelium produced straight to flexuous chains and smooth-surfaced spores (Fig. 1) . Strain 1MR-8 T grew on an ISP medium (Table S1 , available in the online Supplementary Material), showing morphology typical of members of the genus Streptomyces. Diffusible pigment and melanin were only produced on peptone-yeast extract-iron agar (ISP 6). The physiological and biochemical properties of 1MR-8 T are given in Table 1 and in the species description. Strain 1MR-8 T grew at 10-37 u C (optimum 28 u C) and no growth was observed at 45 u C. The pH range for growth was 4.0-11.0 (optimum pH 6.0-8.0). Strain 1MR-8 T exhibited good growth with NaCl concentrations of 0-5 % (w/v) and moderate growth with 7 % (w/v) NaCl; no growth was observed with 8 % (w/v) NaCl.
Cellular fatty acids were extracted from strains of species of the genus Streptomyces grown in tryptic soy broth (Difco) for 5 days at 28 u C according to the protocol of the Microbial Identification System (Microbial ID; MIDI) and identified by using the Microbial Identification software package (MIDI, Newark, DE, database TSBA 40, version 4.0; Sasser, 1990) . For chemotaxonomic analysis, freezedried cells were obtained from cultures grown on a shaking incubator at 120 r.p.m and at 28 u C for 14 days in starchcasein broth. Determination of the amino acids in the cellwall peptidoglycan and analysis of whole-cell sugars were performed as described by Lechevalier & Lechevalier (1970 , 1980 and Staneck & Roberts (1974) , respectively. Polar lipids were extracted and detected by the method of Minnikin et al. (1984) . Menaquinones were extracted using the method of Collins (1985) and were then analysed by HPLC (LC-10AD; Shimadzu). The G+C content of the genomic DNA was determined by using the HPLC (LC-10AD; Shimadzu) method (Mesbah et al., 1989) . The major fatty acids were anteiso-C 15 : 0 (31.6 %), iso-C 15 : 0 (15.9 %) and anteiso-C 17 : 0 (10.5 %). The fatty acid profiles of strain 1MR-8 T and related type strains are given in Table  S2 . The cell-wall peptidoglycans were based on LL-diaminopimelic acid, glutamic acid, alanine and glycine. Whole-cell hydrolysates predominantly contained glucose, mannose and ribose. The polar lipid pattern consisted of phosphatidylinositol, phosphatidylserine, phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine and three unknown phospholipids (Fig. S1 ). The predominant isoprenoid quinones were MK-9 (H 4 ), MK-9 (H 6 ) and MK-9 (H 8 ). The DNA G+C content of strain 1MR-8 T was 73.2 mol%.
DNA extraction (Cui et al., 2001) , PCR amplification and 16S rRNA gene sequencing were carried out as described previously . Multiple alignments with sequences of the most closely related species with validly published names and calculations of levels of sequence similarity were carried out using the EzTaxon-e server (Kim et al., 2012) . Evolutionary distance matrices were generated as described by Kimura (1980) . The phylogenetic tree was reconstructed by using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971 ) methods using the MEGA5 program (Tamura et al., 2011) , with bootstrap values based on 1000 replications (Felsenstein, 1985) . Phylogenetic analysis, based on 16s rRNA gene sequences, revealed that strain 1MR-8 T (1461 bp) formed a monophyletic cluster with members of the genus Streptomyces (Fig. 2) . The highest similarity value was observed with Streptomyces caeruleatus GIMN4 T (98.8 %). This cluster was also recovered in the trees generated by the neighbour-joining and maximum-parsimony algorithms with high bootstrap values ( Figs S2 and S3 ).
The microplate hybridization method developed by Ezaki et al. (1989) was used to determine DNA relatedness. Hybridizations were performed using five replications. After the highest and lowest values for each sample were excluded, the mean was reported as the DNA-DNA relatedness value. The DNA-DNA relatedness value between strain 1MR-8 and Streptomyces capoamus JCM 4734 T (9.2 %). These values are below the 70 % cut-off point recommended for the assignment of organisms to the same species (Wayne et al., 1987) . The phylogenetic data presented here thus indicate that strain 1MR-8 T represents a novel species of the genus Streptomyces.
On the basis of phylogenetic analysis and the morphological, physiological and chemotaxonomic data, as well as the results of DNA-DNA hybridizations, we propose that strain 1MR-8 T represents a novel species of the genus Streptomyces, and propose the name Streptomyces panaciradicis sp. nov.
Description of Streptomyces panaciradicis sp. nov.
Streptomyces panaciradicis (pa.na.ci.ra'di.cis. N.L. n. Panax scientific name of ginseng; L.fem. n. radix root; N.L. gen. n. panaciradicis of a ginseng root).
Aerobic, Gram-stain-positive, non-motile actinobacteria, which forms a branched substrate hyphae and aerial mycelium that differentiates into straight to flexuous chains and smooth-surfaced spores. Grows at 10-37 u C (optimum 28 u C) and pH 4.0-11.0 (optimum pH 6.0-8.0). Growth occurs with NaCl concentrations of 0-5 % (w/v) and moderate growth occurs with 7 % (w/v) NaCl. Nitrate reduction is positive. Casein, gelatin, b-glucosidase (aesculin) and starch are hydrolysed, but urea is not. Utilizes L-arabinose, D-mannitol, raffinose, D-rhamnose, sucrose and D-xylose as sole carbon sources, but not D-fructose. Utilizes L-arginine L-asparagine and L-phenylalanine as sole nitrogen sources, but not Lhistidine and L-threonone. The major fatty acids were anteiso-C 15 : 0 , iso-C 15 : 0 and anteiso-C 17 : 0 . The cell-wall peptidoglycan is based on LL-diaminopimelic acid, glutamic acid, alanine and glycine. Whole-cell hydrolysates contain predominantly glucose, mannose and ribose. The polar lipid profile contains phosphatidylinositol, phosphatidylserine, phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine and three unknown phospholipids. The predominant isoprenoid quinones are MK-9 (H 6 ) and MK-9 (H 8 ).
The type strain, 1MR-8 T (5KACC 17632 T 5NBRC 109811 T ) was isolated from the rhizoplane of ginseng, which was collected from a field in Geumsan, South Korea. The DNA G+C content is 73.2 mol%. Filled circles indicate that the corresponding nodes were also recovered in trees generated with the maximum-parsimony and neighbour-joining algorithms. Bar, 0.002 substitutions per nucleotide position.
